The objective of the current work is to describe a parameter optimization framework for obtaining partitioned subcontrollers with a decentralized hierarchical control structure. This structure is state-of-the-art in IFPC implementation and allows for separate implementation of airframe and propulsion control systems which, when assembled, will meet the overall design criteria for the integrated airframe/propulsion system.
The paper is organized as follows. The controller partitioning problem with the desired partitioning structure is stated first. A criterion for matching the performance of the centralized controller by partitioned subcontrollers while meeting the constraints on the partitioning structure is then describedanda "cost function" is relatedto this criterion. Analytical expressions for the derivativesof the costfunctionwith respectto the state-space parameters of the partitionedsubcontrollersare developed.A parameteroptimizationalgorithm usingtheseanalytic gradientsto minimizethe costis then described.Finally, applicationof the algorithm to IFPC designusing controllerpartitioning is discussed for a STOL aircraft in the short approachto landingtask.
CONTROLLER PARTITIONING AND RELATED COST
The decentralized, hierarchical controller partitioning structureis shown in Fig. I with ref-
erence to an IntegratedFlight/PropulsionControl system. In thisfigure, the subscriptsand superscripts"a" and "e" referto airframeand propulsion (engine)quantities, respectively, and the subscript"c" refersto commanded quantities.The interfacevariableszm representpropulsion system quantities that affectthe airframe,such as propulsiveforcesand moments. The structure ishierarchical in that the airframe(flight) controller produces commands forthe interface variable (z_o) which are tracked by the propulsion subsystem. The partitioning shown in Fig. I is simplified in that the controlled output errors and the interface variables z_ are assumed to be the only inputs to the subcontrollers (e.g. there could also be direct feedbacks for stability augmentation).
Another simplification made in the discussion in this paper is that the plant is assumed to have no direct feedthrough from control inputs, i.e. the plant "D" matrix is zero. These assumptions maintain simplicity while conveying the basic idea behind the formulation and solution of the controller partitioning problem.
The controller partitioning problem can be stated as follows:
Given a centralized controller with transfer matrix K(s) and a specification of the partitioning structure of controller inputs and outputs, i.e.
[uo] The performance cost Jper_(P) is chosen to be LC ¢aa, CL, [Da_oa and [D_aDe_e] . The parameter vector will be
The number of parameters depends not only on the total numbers of controller inputs and outputs and interface variables which are fixed but also on the orders of the subcontrollers, na and he.
There is thus a double incentive for keeping these orders low; not only to reduce the complexities of the subcontrollers but also to accelerate the optimization algorithm whose performance depends on the number of parameters.
State-space representations for the transfer matrices 
LCg,] 
The total cost function is calculated by applying Simpson's Rule for numerical integration over the frequency interval [wl,w2] to the sum of the two terms Jper_(P) and Jt_ack(P) described in formulas (1) and (2) where 
Substituting (4) with respect to all parameters in p, the resulting matrices can be inserted into the formula for the partials of Jperf described earlier and the gradient can be calculated by applying Simpson's Rule of numerical integration over the same frequency interval as was used for evaluating Jperf(P).
The partial derivatives of JtFack are computed by a similar procedure and these are combined with the partials of Jperf(P) to yield VJ(p)
The flow of the optimization algorithm for controller partitioning is shown in Fig. 2 Note that all the quantities shown in Fig. 4 were normalized, using scalings discussed in [ 9 ] , to allow a direct comparison of the various response magnitudes.
For all the results presented in this paper, the optimization was done over the frequency range 
. d(p) = dperf(P)
with no attention to the z_o command tracking structure requirement for the engine subcontroller.
As seen from Fig. 5 (2) These matrices will be given in the form if space allows or will be written out individually if the former is too large.
The integrated airframe propulsion system with integrator augmentation is represented by 1.00E -9
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